® 



J 



Europalsches Patentamt 
European Patent Office 
Office europeen des brevets 




(fi) Publication number: 0 543 665 A1 



EUROPEAN PATENT APPLICATION 



21) Application number: 92310638.9 
§) Date of filing: 20.11.92 



©Int. CI. 5 : C08G 77/34 



A request for correction of claim 1 has been 
filed pursuant to Rule 88 EPC. A decision on the 
request will be taken during the proceedings 
before the Examining Division (Guidelines for 
Examination in the EPO, A-V, 2.2). 

@) Priority : 22.11.91 JP 334280/91 

@ Date of publication of application : 
26.05.93 Bulletin 93/21 



@) Designated Contracting States : 
DE FR GB 



@ Applicant : Shin-Etsu Chemical Co., Ltd. 
6-1, Otemachi 2-chome 
Chiyoda-ku Tokyo 100 (JP) 



(72) Inventor : Tsukuno, Akihiko 

B-603 Kofu Apt, No. 787-2 Yanase 

Annaka-shi, Gun ma-ken (JP) 

Inventor : Watanuki, Isao 

No. 402 Ooaza Shimotakata, Myogi-machi 

Kanra-gun, Gunma-ken (JP) 

Inventor : Sato, Makoto 

B-310 Shinpu Ryo, No. 1610 Nishikamiisobe 

Annaka-shi, Gunma-ken (JP) 

Inventor : Suzuki, Masaru 

No. 589-1 Ooaza Hitomi, Matsuida-machi 

Usui-gun, Gunma-ken (JP) 

Inventor : Maruyama, Masao 

No. 974 Nikenzalke, Matsuida-machi 

Usui-gun, Gunma-ken (JP) 

Inventor: Fumy a, Masaaki 

No. 114-5 Hitomi, Matsuida-machi 

Usui-gun, Gunma-ken (JP) 

(74) Representative : Stoner, Gerard Patrick et aJ 
Mewburn Ellis 2 CursKor Street 
London EC4A 1BQ (GB) 



(3) Siloxane purification. 

(57) A siloxane fluid usually contains undesirable impurities such as chlorides and low-molecular weight 
siloxane components. By contacting steam with the siloxane fluid and causing the undesirable 
impurities or components to distill out along with steam, the impurities or components can be removed 
from the siloxane fluid in an economically advantageous manner. 
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This invention generally relates to a siloxane purifying method, and more particularly, to a novel econom- 
ically advantageous method for purifying a siloxane fluid for removing such impurities as chlorides, undesirable 
smell, or low-molecular weight siloxanes. 

In general, organopolysiloxane are produced from sources in the form of dimethyi-dichlorosilane hydrol- 

5 yzates or siloxane mixtures composed mainly of cyclic siloxane oligomers obtained by cracking such hydroly- 
zates in the presence of alkali catalysts such as potassium hydroxide. In the siloxanes, there are often left 
smelly hydrocarbons such as hexane and hexene. The smell of hydrocarbons is a problem when it is desired 
to blend siloxanes in such applications which are sensitive to smell as cosmetics including hair care and make- 
up compositions. It is strongly desired to readily remove the hydrocarbons in an on-line basis. 

10 Further such sources are polymerized in the presence of an alkali catalyst such as potassium hydroxide 

until a desired degree of polymerization is reached. Then an acid donor such as methyltrichlorosilane is added 
as a neutralizing agent for deactivating the alkali catalyst. In general, low-molecular weight siloxanes are re- 
moved by suitable means such as vacuum stripping. The thus removed siloxanes are often reused in the alkali 
catalyzed polymerization while an excess of the neutralizing agent is always entrained into the polymerization 

15 system. Unless the neutralizing agent is removed, it would neutralize the alkali catalyst, causing many troubles 
in practice. It is, therefore, strongly desired from the stand-points of economy and process to readily remove 
these impurities in an on-line basis. 

Where quaternary phosphonium hydroxides or quaternary ammonium hydroxides are used as the alkali 
polymerization catalysts, pyrolysis of the catalysts forms phosphorus compounds such as tri-n-butylphosphine 

20 oxide or nitrogen compounds such as trimethylamine which smell badly. Like the above-mentioned hydrocar- 
bons, removal of these smelling compounds is also strongly desired. 

Moreover, low-molecular weight siloxanes, for example, cyclic siloxanes of formula (1) shown below alone 
or in admixture and linear siloxanes of formula (2) shown below alone or in admixture can also detract from 
the desired physical properties of the overall siloxane in special electric and electronic applications where con- 

25 tact disturbance is a problem. It is then desired to remove low-molecular weight siloxanes from high-molecular 
weight siloxanes. 
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35 In formula (1), R 1 is a substituted or unsubstituted monovalent hydrocarbon group such as alkyl, cycloalkyl, 
alkenyl, aryl, alkaryl, aralkyl, halogenated alkyl, and halogenated aryl groups, and letter n is an integer of 3 to 
20. The R 1 groups may be identical or different 
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In formula (2), R 2 is as defined for R 1 or a monovalent organic group such as amino group-containing or- 
ganic group and mercapto group-containing organic group, R 3 is as defined for R 2 or a group such as hydroxyl, 
alkoxy groups and halogen atoms, and letter m is an integer of 0 to 18. The respective R 2 and R 3 groups may 
be identical or different 

so In the prior art there are known several siloxane purifying methods for removing impurities from siloxanes. 

First, for removal of impurities such as chlorides from siloxanes and for rendering siloxanes odorless, the 
following techniques (A) to (C) are known. 

(A) A container equipped with a mechanical stirrer is charged with siloxanes and then with more than about 
10% by weight based on the siloxanes of water and the stirrer is operated for agitation and mixing for a pre- 
55 determined time at a predetermined temperature. After the agitation schedule is complete, the stirrer is inter- 
rupted for a certain time, allowing liquid-liquid separation to take place between the siloxanes and water. A 
lower alcohol such as isopropyl alcohol may be added at this point to promote separation. Thereafter, the aqu- 
eous layer is separated off. The desired siloxanes are purified by repeating this procedure at least once. 
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This prior purification technique (A), however, uses a so large amount of water that it is quite difficult in 
practice to complete separation between the aqueous layer and the siloxanes, eventually resulting in a reduced 
yield of siloxanes due to incomplete separation. In addition, since a large amount of water is used, the load of 
waste water disposal is increased, which is disadvantageous from the environmental aspect. Since the 

5 throughput is small, a plurality of batches are generally required, resulting in a lowering of productivity. Afurt her 
problem is that separation of water from siloxanes takes a long time. In most cases, more than 1 hour is needed 
until a desired level of separation is reached, though the separation time depends on the properties of silox- 
anes, scale or the like. It is difficult in practice to accomplish more complete separation without resorting to 
other water removal means as by vacuum stripping. 

10 Therefore, prior art purification technique (A) is economically disadvantageous from the aspects of proc- 
ess, production and environment 

(B) A container is charged with siloxanes and then with several percents by weight based on the siloxanes 
of an adsorbent such as char coal and the contents are agitated and mixed for a predetermined time at a pre- 
determined temperature. Thereafter, the adsorbent is separated and removed from the siloxanes. Alternative- 

15 ly, a similar treatment is continuously carried out using a fixed bed. See Japanese Patent Application Kokai 
(JP-A)No. 19237/1991. 

This prior art purification technique (B), however, suffers from the problems that the filtration step intended 
for removal of the adsorbent imposes an increased load, the maintenance load is increased due to a loss of 
the adsorbent capacity with time, and separation of the adsorbent from siloxanes is accompanied by an in- 
20 creased pressure loss particularly when the siloxane fluid has a high viscosity, which results in a low proc- 
essing rate. Therefore, prior art purification technique (B) is also disadvantageous from the aspects of produc- 
tion and economy. 

(C) A container charged with siloxanes is evacuated by means of a vacuum pump, and heated if necessary. 
Vacuum distillation is performed at a predetermined temperature for a predetermined time. 

25 This prior art purification technique (C), however, suffers from the problem that it takes a long time to re- 
move a minor amount of smelly impurities. More particularly, although the amount of impurities which give off 
an offensive odor is generally very small, removal of such smelly impurities requires a large quantity of energy, 
resulting in an increased distillation load and a substantial loss of siloxanes. Continued vacuum distillation over 
a long time causes oxidation, decomposition or degradation of siloxanes, resulting in a loss of quality. There- 
to fore, siloxane purification by prior art tech nique (C) is quite disadvantageous from the aspects of economy and 
quality. 

On the other hand, the following techniques (D) and (E) are known for removal of low-molecular weight 
siloxanes from siloxane fluid. 

(D) A container equipped with a mechanical stirrer is charged with siloxanes and then with a predetermined 
35 amount of a solvent (such as acetone and lower alcohols) and the stirrer is operated for agitation and mixing 

for a predetermined time at a predetermined temperature. After the agitation schedule is complete, the stirrer 
is interrupted for a certain time, allowing liquid-liquid separation to take place between the siloxanes and the 
solvent Thereafter, the solvent layer is separated off. The desired siloxanes are purified by repeating this pro- 
cedure at least once. 

40 This prior art purification technique (D), however, uses a large amount of solvent, which not only reduces 

the yield of siloxanes, but is also undesirable from the working aspect. Since the throughput is small, a plurality 
of batches are generally required, resulting in a lowering of productivity. A further problem is that separation 
of the solvent from siloxanes takes a long time. In moat cases, more than 1 hour is needed until a desired level 
of separation is reached, though the separation time depends on the properties of siloxanes, scale or the like. 

45 It is difficult in practice to accomplish more complete separation without resorting to other solvent removal 
means as by vacuum stripping. In addition, since a large amount of sol vent is used, the load of solvent disposal 
is increased, which is disadvantageous in economy. 

Therefore, prior art purification technique (D) is economically disadvantageous from the aspects of proc- 
ess, production and environment 

so (E) A container charged with siloxanes is evacuated by means of a vacuum pump, and heated if necessary. 
Vacuum distillation is performed at a predetermined temperature for a predetermined time. 

This prior art purification technique (E), however, suffers from the problem that it takes a long time to re- 
duce the amount of low-molecular weight siloxanes to below a desired level. This requires a large quantity of 
energy, resulting in an increased distillation load and a substantial loss of siloxanes. Continued vacuum dis- 

55 tillation over a long time causes oxidation, decomposition or degradation of siloxanes, resulting in a loss of 
quality. Therefore, prior art technique (E) for removing low-molecular weight siloxanes for purifying siloxane 
fluid is quite disadvantageous from the aspects of economy and quality. 

Therefore, it is desired to provide a siloxane purifying method capable of removing substantially all unde- 
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sirable impurities or components from siloxane fluid in a simple, efficient, economic and secure manner; there- 
by purifying and rendering smell-free the siloxane fluid. The undesirable impurities include chlorides such as 
ethylene chlorohydrin, hydrochloric acid and methyltrichlorosilane, acids such as phosphoric acid and carbox- 
ylic acids, hydrocarbons such as phosphoric acid and carboxylic acids, hydrocarbons such as hexane and hex- 

5 ene, phosphorus compounds such as tri-n-butylphosphine oxide and tricresyl phosphate, and nitrogen com- 
pounds such as trimethylamine, triethylamine and tripropylamine, and the undesirable components include 
low-molecular weight siloxanes as represented by formulae (1) and (2). 

The inventors have found that by contacting steam with a siloxane fluid containing undesirable impurities 
or low-molecular weight siloxane components, and causing the impurities or components to distill out along 

10 wit h steam, t he impurities or components can be separated from t he sil oxan e f lu id . Such impurities as chlorides 
can be removed from siloxanes so that the siloxanes become free of smell, or low-molecular weight siloxane 
components can be removed from high-molecular weight siloxane components without complicity in process. 
Thus siloxanes are purified in an economically advantageous manner . 

It is well known in the prior art that in general, impurities can be removed by steam distillation. This con- 

15 ventional technique has been applied to fluids other than siloxanes. Insofar as the inventors know, none of 
the literature and patents describe the application of steam distillation to siloxanes for the purpose of removing 
undesirable impurities or components as mentioned above from the siloxanes. Also, no teaching is found as 
to the method for removal of undesirable impurities or components which adds to a minimum installation load 
and can be readily incorporated in the existing siloxane process as proposed herein. Establishment of the sh 

20 loxane purification technique of the present invention is of great significance to the development of a com- 
mercially acceptable overall siloxane manufacturing process. 

The present invention provides a siloxane purifying method comprising the steps of contacting steam with 
a siloxane fluid containing impurities, and causing the impurities to distill out along with steam, thereby sep- 
arating the impurities from the siloxane fluid. 

25 The initial siloxane fluid to be purified may be any siloxane fluid which does not undergo degradation in 

physical properties upon contact with steam or water Included are, for example, cyclic siloxanes of formula 
(3) and linear siloxanes of formula (4), both shown below, alone and mixtures thereof. 
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In formula (3), R 1 is a substituted or unsubstituted monovalent hydrocarbon group having 1 to 8 carbon 
atoms such as alkyl, cycloalkyl, alkenyl, aryl, alkaryl, aralkyl, halogenated alkyl, and halogenated aryl groups, 
and letter x is an integer of at least 3, preferably 3 to 20. The R 1 groups may be identical or different. 

R 2 R a R* 

3 1 ' I • ' 

(4) R — SiO - (SlO) y - Si - R* 

'a I. I, 

R R a R 



In formula (4), R 2 is as defined for R 1 or a monovalent organic group such as amino group-containing or- 
ganic group and mercapto group-containing organic group, R 3 is as defined for R 2 or a group such as hydroxyl, 
alkoxy groups having 1 to 8 carbon atoms and halogen atoms, and letter y is 0 or a positive integer, preferably 
so 0 to 300, more preferably 0 to 18. The respective R 2 and R 3 groups may be identical or different 

According to the present invention, the siloxane fluid is brought in contact with steam. Contact with steam 
can be accomplished by introducing steam into the siloxane fluid at a temperature of at least 95 °C , or by adding 
water to the siloxane fluid and heating the mixture with stirring, thereby generating steam. 

The steam contact step is further described. First a siloxane fluid is admitted into a container, preferably 
55 a container which is equipped with a mechanical stirrer and can be evacuated to vacuum. The siloxane fluid 
is maintained at an appropriate temperature and pressure before steam or water is introduced into the siloxane 
fluid. As steam is distilled out, the impurities are entrained with the steam and thus effectively removed from 
the siloxane fluid. 
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The temperature, pressure and amount of steam are not fixedly determined as they depend on the desired 
level of impurity removal. More particularly the temperature is determined relative to the pressure, although 
the temperature may range from about 50 to about 300°C, preferably about 1 00 to about 300 °C , the pressure 
may range from about 1 to about 760 mmHg, preferably about 1 to about 300 mmHg, and the amount of steam 
5 may range from about 0.1 to about 20% by weight/hour, preferably about 1 to about 1 0% by weight/hour based 
on the weight of the siloxane fluid. Preferably the temperature and pressure are adjusted so as to permit the 
admitted steam or water to evaporate. If the pressure is 760 mmHg, for example, the temperature is preferably 
100 °C or higher. For an increased impurity removal rate, the temperature is increased and the pressure is 
reduced, that is, steam distillation under vacuum is preferred. 

10 The amount of steam or water introduced into the siloxane fluid is generally in the range of 0.1 to 10% by 
weight/hour based on the weight of the siloxane fluid. A larger amount within this range is preferred for an 
increased impurity removal rate. 

By this steam contact process, any impurities including chlorides, acids, hydrocarbons, phosphorus com- 
pounds and nitrogen compounds as previously mentioned will distill out along with steam. At the same time, 

15 those cyclic siloxanes of formula (3) wherein x is 3 to 20, that is, low-molecular weight cyclic siloxanes of for- 
mula (1) and those linear siloxanes of formula (4) wherein y is 0 to 18, that is, low-molecular weight siloxanes 
of formula (2), if any, will distill out along with steam. 

When it is desired to remove only impurities other than low-molecular weight siloxanes, preferably the low- 
molecular weight siloxanes which distill out along with steam (or water) and impurities are separated from the 

20 impurities and fed back to the system for preventing a lowering of the yield by connecting a water-cooled con- 
denser and a return line to the distillation line. On the other hand, when it is desired to remove low-molecular 
weight siloxanes from high-molecular weight siloxanes, the distillate is entirely removed and no part thereof 
need be fed back to the system. 

In the practice of contact with steam, it is recommended to admit an inert gas such as nitrogen gas con- 

25 current with steam for such purposes of preventing degradation in physical properties of siloxanes by oxida- 
tion, insuring safety through maintenance of an inert atmosphere in the system, and increasing the surface 
area available for evaporation for increasing efficiency. 

After contact with steam, a minor amount of water which is usually left in the system is preferably removed 
from the system by conventional dewatering techniques such as vacuum drying. Finally there is obtained a 

30 desirably purified siloxane fluid. 

The present invention has the following benefits associated with purification of siloxane fluid. (1) As com- 
pared with the prior art conventional techniques such as water washing, adsorption and vacuum distillation 
used for removing impurities such as chlorides from a siloxane fluid and/or rendering a siloxane fluid smell- 
free, the present invention can reduce the siloxane loss, installation load, waste disposal load, process load, 

35 and quality lowering. Purification of siloxane fluid is achieved in an economically advantageous manner. (2) 
As compared with the prior art conventional techniques such as solvent extraction and vacuum distillation used 
for removing low-molecular weight siloxanes from a siloxane fluid, the present invention can reduce the instal- 
lation load, waste disposal load, and process load and prevent coloring, gelation and smelling. Purification of 
siloxane fluid is advantageously achieved from the economic and quality aspects. 

40 Examples of the present invention are given below by way of illustration and not by way of limitation. 

Example 1 

A reactor equipped with a mechanical stirrer and connected to a vacuum pump was charged with 1800 
45 kg of octamethyltetracyclosiloxane and 204 kg of a methylpolysiloxane (CH 3 ) 3 SiO((CH3) 2 SiO) 11 Si(CH3)3 and 
heated to an interior temperature of 145 to 155 °C . To the siloxane mixture was added 50 ppm of potassium 
hydroxide. Polymerization was effected at a temperature of 145 to 1 55 °C for 6 hours. To the resulting polysi- 
loxane, ethylene chiorohydrin was added as a neutralizing agent in an amount of three times the neutralization 
equivalent of the potassium hydroxide for effecting neutralization reaction. The thus obtained polysiloxane had 
so a viscosity of 202 centistokes (cs) at 25 °C and a heating loss of 1 3.7% (1 05 °C , 3 hours) and smelt of ethylene 
chiorohydrin and esters. Its ethylene chiorohydrin content was 140 ppm. 

Next, the reactor was adjusted to an interior temperature of 110 to 120 °C and steam was supplied into 
the reactor under a pressure of 2 kg/cm^G at a rate of 3% by weight per hour based on the polysiloxane for 
one hour. As steam was supplied, cyclic polysiloxanes primarily composed of octamethyltetracyclosiloxane, 
55 steam and ethylene chiorohydrin distilled out of the reactor. They were condensed in a water-cooled condenser 
connected to the reactor at its top and then collected in a simple receiver where liquid-liquid separation was 
effected. Only the siloxanes were fed back to the reactor through a return line while the remaining fluid was 
discharged outside the reactor. 
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After a predetermined amount of steam had been supplied, the reactor was adjusted to a interior temper- 
ature of 110 to 120 °C and nitrogen gas was admitted into the polysiloxane in the reactor at a flow rate of 2 
Nm 3 /hour for 30 minutes for removing the dissolved water from the system. The resulting polysiloxane had a 
viscosity of 204 cs at 25 °C and a heating loss of 13.6% (105 °C , 3 hours). It was odorless and had an ethyiene 
5 chlorohydrin content of less than 1 ppm. 

Example 2 

Using the same reactor and reactants as used in example 1, the reactor was charged with the reactants 
10 and adjusted to an interior temperature of 105 to 115 °C . To the siloxane mixture was added 300 ppm of qua- 
ternary phosphonium hydroxide (n-C 4 H 9 ) 4 POH. Polymerization was effected at a temperature of 105 to 115 
°C for 2 hours. The reactor interior temperature was then raised to 150 to 160 °C and the contents were heat 
treated at the temperature for 4 hours for deactivating the catalyst The resulting polysiloxane had a viscosity 
of 207 cs at 25 °C and a heating loss of 12.9% (105 °C , 3 hours) and smelt of phosphorus compounds such 
15 as tri-n-butylphosphine oxide, its phosphorus content was 20 ppm. 

Next, a steam supply step was carried out as in Example 1 except that steam was supplied under a pres- 
sure of 2 kg/cm^G at a rate of 1 % by weight per hour based on the polysiloxane for 2 hours while the reactor 
interior was at a temperature of 1 50 to 1 60 °C and a pressure of 1 0 to 20 mm Hg , and a dewatering step followed 
as in Example 1. The resulting polysiloxane had a viscosity of 215 cs at 25 °C and a heating loss of 12.0% 
20 (105 °C , 3 hours). It was odorless and had a phosphorus content of less than 0.5 ppm. 

Example 3 

Using the same reactor and reactants as used in example 1, the reactor was charged with the reactants 
25 and adjusted to an interior temperature of 90 to 100 °C . To the siloxane mixture was added 100 ppm of qua- 
ternary ammonium hydroxide (CH 3 ) 4 NOH. Polymerization was effected at a temperature of 90 to 100 °C for 2 
hours. The reactor interior temperature was then raised to 130 to 140 °C and the contents were heat treated 
at the temperature for 4 hours for deactivating the catalyst. The resulting polysiloxane had a viscosity of 215 
cs at 25 °C and a heating loss of 13.0% (105 °C, 3 hours) and smelt of amine compounds such as trimethyla- 
30 mine. Its nitrogen content was 2 ppm. 

Next, a steam supply step was carried out as in Example 1 except that steam was supplied under a pres- 
sure of 2 kg/cm 2 G at a rate of 2% by weight per hour based on the polysiloxane for 1 hour while the reactor 
interior was at a temperature of 120 to 130 °C , and a dewatering step followed as in Example 1 . The resulting 
polysiloxane had a viscosity of 220 cs at 25 °C and a heating loss of 12.5% (105 °C , 3 hours). It was odorless 
35 and had a nitrogen content of less than 1 ppm. 

Example 4 

A reactor as used in Example 1 was charged with 1000 kg of a dimethyldichlorosilane hydrolyzate (known 
40 in the art as "Hydrolyzate") and 200 kg of a hexamethyldisiloxane (CH 3 ) 3 SiOSi(CH 3 ) 3 . To the siloxane mixture 
was added a 98% sulfuric acid solution in an amount providing 5% by weight of H 2 S0 4 . Polymerization was 
effected at a temperature of 20 to 30 °C for 6 hours. The resulting polysiloxane was washed with water to sep- 
arate the sulfuric acid from the siloxane and then dried. The resulting polysiloxane had a viscosity of 8.4 cs at 
25 °C and a heating loss of 24.6% (105 °C , 3 hours) and smelt of hydrocarbons. Its hexane and hexene con- 
45 tents were 500 ppm and 70 ppm, respectively. 

Next, a steam supply step was carried out as in example 1 except that steam was supplied under a pressure 
of 2 kg/cm 2 G at a rate of 3% by weight per hour based on the polysiloxane for 1 hour while the reactor interior 
was at a temperature of 110 to 120 °C , and a dewatering step followed as in example 1 . The resulting polysi- 
loxane had a viscosity of 9.0 cs at 25 °C and a heating loss of 24.0% (105 °C , 3 hours). It was odorless and 
so its hexane and hexene contents were both less than 10 ppm. 

Example 5 

Using the same reactor, reactants and catalyst as in Example 1 , polymerization was carried out in the same 
55 manner as in Example 1. To the resulting polysiloxane, formic acid as a neutralizing agent was added in an 
amount of three times the neutralization equivalent to the amount of KOH used, effecting neutralization reac- 
tion. The resulting polysiloxane had a viscosity of 204 cs at 25 °C and a heating loss of 1 3.6% (1 05 °C , 3 hours) 
and smelt of acid. Its formic acid content was 5 ppm. 
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Next, a steam supply step was carried out as in Example 1 except that steam was supplied under a pres- 
sure of 2 kg/cm 2 G at a rate of 3% by weight per hour based on the polysiloxane for 1 hour while the reactor 
interior was at a temperature of 11 0 to 1 20 °C , and a dewatering step followed as in Example 1 . The resulting 
polysiloxane had a viscosity of 210 cs at 25 °C and a heating loss of 13.4% (105 °C , 3 hours). It was odorless 
5 and had a formic acid content of less than 1 ppm. 

Example 6 

A reactor as used in example 1 was charged with 1 800 kg of octamethyltetracyclosiloxane and 1 9 kg of a 
10 tetramethyldivinyldisiloxane {CH2=CH)(CH 3 )2SiOSi(CH3)2(CH=CH2). The reactor interior was adjusted to a 
temperature of 120 to 1 30 °C. To the siloxane mixture was added 50 ppm of KOH. Polymerization was effected 
at a temperature of 120 to 130 °C for 8 hours. To the resulting polysiloxane, ethylene chlorohydrin as a neu- 
tralizing agent was added in an amount of three times the neutralization equivalent to the amount of KOH used, 
effecting neutralization reaction. The reactor interior was then adjusted to a temperature of 1 95 to 205 °C and 
15 a pressure of 10 to 20 mmHg. 

Next, steam was supplied into the reactor under a pressure of 2 kg/cm 2 G at a rate of 1% by weight per 
hour based on the polysiloxane for one hour. As steam was supplied, cyclic polysiloxanes primarily composed 
of octamethyltetracyclosiloxane, steam and excess ethylene chlorohydrin distilled out of the reactor. They were 
condensed in a water-cooled condenser connected to the reactor at its top and then discharged out of the re- 
20 actor. The resulting polysiloxane had a viscosity of 1200 cs at 25°C and its contents of cyclic polysiloxanes 
represented by the general formula: [(CH 3 )2SiO] n wherein n = 3 to 20 are reported in Table 1. 

Comparative Example 1 

25 Using the same reactor and reactors as used In Example 6, the procedure of example 6 was followed until 

the neutralization step. The reactor interior was then adjusted to temperature of 195 to 205 °C and a pressure 
of 10 to 20 mmHg. Next, nitrogen gas was supplied into the reactor under a pressure of 2 kg/cm 2 -G at a rate 
of 2 Nm 3 /hourfor one hour. The distillates were treated as in example 6. The resulting polysiloxane had a vis- 
cosity of 1180 cs at 25 °C and its contents of cyclic polysiloxanes are reported in Table 1 . 

30 

Table 1 



35 



Low-molecular weight cyclic siloxane content (ppm) 


Number of Si atoms in low-molecular weight cyclic siloxane 
(n) 
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Comparative Example 1 
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Example 7 

Using the same reactor and reactant as used in Example 4, the procedure of Example 4 was followed until 
the dewatering step. The reactor interior was then adjusted to a temperature of lower than 100°C and 5% by 

5 weight based on the poiysiloxane of pure water was added. With stirring, the reactor was heated to an interior 
temperature of 130 °C . As a result of heating, steam generated and cyclic polysiloxanes primarily composed 
of octamethyltetracyclosiloxane and hydrocarbons distilled out of the reactor together with steam. They were 
condensed in a water-cooled condenser connected to the reactor at its top. Only the siloxanes were fed back 
to the reactor through a return line while the remaining fluid was discharged outside the reactor. The resulting 

10 poiysiloxane had a viscosity of 9.0 cs at 25 °C and a heating logg of 24.0% (1 05 °C , 3 hours). It was odorless 
and its hexane and hexene contents were both less than 10 ppm. 

Although some preferred embodiments have been described, many modifications and variations may be 
made thereto in the light of the above teachings. It is therefore to be understood that within the scope of the 
appended claims, the invention may be practiced otherwise than as specifically described. 

15 

Claims 

1. A siloxane purifying method comprising the steps of 
20 contacting steam with a siloxane fluid contacting impurities, and 

causing the impurities to distil out along with steam, thereby separating the impurities from the 
siloxane fluid. 
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2. A method according to claim 1 wherein the siloxane fluid contains cyclic siloxanes of formula (3) 



R 1 
I 

R 1 



and/or linear siloxanes of formula (4) 



3 1 . I 1 

R'-SiO- (SiO) y - Si-R J 
R 1 R l R> 



wherein R 1 is a substituted or unsubstituted monovalent hydrocarbon group having 1 to 8 carbon 
atoms such as alkyl, cycloalkyl, alkenyl, aryl, alkaryl, aralkyl, halogenated alkyl, and halogenated aryi 
groups, and letter x is an integer of at least 3, preferably 3 to 20, 
45 R 2 is as defined for R 1 or is a monovalent organic group such as amino group-containing organic 

group and mercapto group-containing organic group, and 

R 3 is as defined for R 2 or is a group such as hydroxyl, alkoxy groups having 1 to 8 carbon atoms 
and halogen atoms, and letter y is 0 or a positive integer, preferably 0 to 1 8, 

and wherein R 2 and R 3 may be the same, or different. 



3. A method according to claim 1 or claim 2 wherein the siloxane fluid is brought in contact with steam by 
introducing steam into the siloxane fluid at a suitable temperature or by adding water to the siloxane fluid 
and heating the mixture to generate steam. 

4. A method according to claim 3 wherein the temperature is in the range 50 to 300°C and the pressure is 
in the range 1 to 760 mmHg. 

5. A method according to any preceding claim wherein steam distillation is carried out under vacuum. 
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6. A method according to claim 3 wherein the amount of steam or water introduced into the sitoxane fluid is 
in the range of 0.1 to 10% by weight/hour based on the weight of the siloxane fluid. 

7. A method according to claim 2 and any claim dependent thereon wherein impurities and low-molecular 
weight siloxanes of formula (3) wherein x is 3 to 20 and/or of formula (4) wherein y is 0 to 18 are distilled 
out of the siloxane fluid, and a further step of returning the low-molecular weight siloxanes to the siloxane 
fluid is included. 

8. A method according to any preceding claim wherein an inert gas is introduced together with the steam. 

9. A method according to any preceding claim which further includes a step of vacuum drying the siloxane 
fluid. 
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